Urinary growth hormone was measured in 54 children with short stature who had growth hormone deficiency that was initialy diagnosed pharmacologically (arginine and L-dopa) and physiologically (mean growth hormone concentration during sleep evaluated twice). Based on the growth hormone response to pharmacological tests the subjects were subdivided into three groups: group A, 20 subjects with normal response (peak concentration > 8 vIgIl); group B, 20 subjects with response between 4 and 8 ItgIl; and group C, 14 subjects with response < 4 sgIl. In group A four subjects had an abnormally low nocturnal mean growth hormone concentration ( < 3.3 tgIl). In group C seven subjects had multiple pituitary hormone deficiency and abnormal magnetic resonance imaging. All subjects had urine collected from 8.00 pm to 8.00 am for 4-5 consecutive nights. A positive correlation was found between serum nocturnal mean growth hormone values and urinary growth hormone in all subjects. Mean (SD) concentrations of urinary growth hormone were similar in groups A (18.0 (9.5) nglg creatinine) and B (13.6 (5.9) ng/g creatinine), but significantly higher than that of group C (3.4 (3.7) ng/g creatinine). Considering as abnormal urinary growth hormones below the lower limit ofthe range in group A, specificity and sensitivity of urinary growth hormone was 100% and 35% respectively. Sensitivity for groups B and C were 5% and 78% respectively. When considering only the subjects of group C with pathological magnetic resonance findings, sensitivity increased to 100%. In the four subjects of group A with mean growth hormone concentration < 3.3 pgfl, specificity decreased to 80%.
group C, 14 subjects with response < 4 sgIl. In group A four subjects had an abnormally low nocturnal mean growth hormone concentration ( < 3.3 tgIl). In group C seven subjects had multiple pituitary hormone deficiency and abnormal magnetic resonance imaging. All subjects had urine collected from 8.00 pm to 8 .00 am for 4-5 consecutive nights. A positive correlation was found between serum nocturnal mean growth hormone values and urinary growth hormone in all subjects. Mean (SD) concentrations of urinary growth hormone were similar in groups A (18.0 (9.5) nglg creatinine) and B (13.6 (5.9) ng/g creatinine), but significantly higher than that of group C (3.4 (3.7) ng/g creatinine). Considering as abnormal urinary growth hormones below the lower limit ofthe range in group A, specificity and sensitivity of urinary growth hormone was 100% and 35% respectively. Sensitivity for groups B and C were 5% and 78% respectively. When considering only the subjects of group C with pathological magnetic resonance findings, sensitivity increased to 100%. In the four subjects of group A with mean growth hormone concentration < 3.3 pgfl, specificity decreased to 80%.
It is concluded that urinary growth hormone assay is characterised by a sensitivity too low to be regarded as improving the traditional diagnostic approach to define growth hormone deficiency, unless it is used to identify subjects with the most severe deficiencies.
(Arch Dis Child 1996;75:228-231) Keywords: dwarfism, urinary growth hormone.
The best diagnostic approach to growth hormone deficiency is currently debatable. Traditional protocols (pharmacological stimulation tests) and more recent ones (evaluation of spontaneous secretion) are characterised by poor compliance and significant costs. Moreover, the results obtained, affected by great variability, may not represent a reliable tool for predicting outcome to treatment." Diagnosis may benefit from evaluating growth hormone excretion in urine7-10: but studies so far published on urinary growth hormone have obtained conflicting results.9"12 Diagnostic protocols based on serum growth hormone assays might best be limited to subjects in whom this inexpensive and simple preliminary screening has identified a reduced urinary growth hormone excretion.
Our aim was to validate possible diagnostic applications of urinary growth hormone in clinical practice in a group of patients of short stature in whom growth hormone secretion had been measured by traditional methods.
Patients and methods
We examined 54 children with short stature (height < 5th centile at diagnosis); there were 32 males and 22 females ranging in age from 5.6 to 16.8 years. Thirty four subjects had been diagnosed as growth hormone deficient on the basis of growth hormone response after arginine and L-dopa tests (growth hormone peak < 8 jg/l in both tests) and had been treated with growth hormone for various periods of time; the remainder were patients initially investigated for short stature whose growth hormone was > 8 ,ug/l after pharmacological tests. Patients were subdivided as follows: group A included 20 children (12 prepubertal, eight pubertal with Tanner pubertal stages 2-3) with normal growth hormone response to pharmacological tests; group B included 20 children (19 prepubertal, one pubertal with Tanner pubertal stage 2) with growth hormone response between 4 and 8 jg/l; and group C included 14 children with a growth hormone peak < 4 ,ug/l. The latter included seven prepubertal patients with idiopathic growth hormone deficiency (six prepubertal, one pubertal with Tanner pubertal stage 2), four male patients with congenital multiple pituitary hormone deficiency (all on replacement therapy with testosterone enanthate), and three prepubertal patients with acquired multiple deficiency due to cerebral tumour treated with surgery or radiation.
All patients, before the start of the present study, also had an evaluation of spontaneous nocturnal mean growth hormone concentration performed twice with a continuous withdrawal pump. Four children in group A had an abnormal result (mean growth hormone concentration as mean of two nights < 3.3 ,ug/l). We chose this threshold as we found no value above this level in a group of 51 previously examined children with short stature who had severe growth hormone deficiency, defined by a peak concentration < 4 gg/l both after two pharmacological tests and two sleep tests. The latter were performed from 8.00 pm to 8.00 am, with samples collected every 20 minutes.
Growth hormone was assayed on serum using the immunofluorometric assay method (Cyberfluor Inc, Toronto, Canada). Intra-assay and interassay coefficients of variation were 7.8% and 6.3% respectively at the concentrations of 1.2 ,ug/l and 10.7% and 9.9% respectively at 12.5 ,ug/l. Magnetic resonance imaging of the sellar area, performed on children in group B and C, showed morphological abnormalities, in the three subjects with secondary hypopituitarism, and those with multiple hormone deficiencies. In these four subjects the pathological findings included absent stalk with posterior pituitary ectopia and hypoplasia of the anterior lobe.
PROTOCOL
In all subjects previously treated with growth hormone, treatment was suspended for at least one month before the start of urine collection. All had urine collected, from 8.00 pm to 8.00 am, for 4-5 subsequent nights (mean 4.2). The result was considered as mean of the values. For urine collection and storage we used polypropylene bottles and tubes. Before use, 10 drops of a 30% bovine serum albumin solution were added to each tube. Urine containers were kept in a refrigerator during the collection period and samples were centrifuged within two hours after the end of collection and immediately stored at -20°C until assay. All samples were measured after a maximum period of four weeks in storage. ASSAY Urinary growth hormone assay was performed using an immunoradiometric assay kit provided by Merieux (Paris, France). The method is consistent with the direct evaluation of growth hormone without urine concentration or dialysis. At Urinary growth hormone concentrations found in each child are shown in fig 1. Mean concentrations of urinary growth hormone in groups A (18.0 (9.5) ng/g creatinine) and B (13.6 (5.9) ng/g creatinine) did not show significant differences, but were higher (p < 0.0001 and p < 0.001 respectively) than those of group C (3.4(3.7) ng/g creatinine). As shown, there was a consistent overlap of urinary growth hormone values between the three groups of patients. There was a positive correlation between urinary growth hormone concentrations and mean nocturnal growth hormone (r=0.45; p < 0.0001) in all patients.
In group A, mean urinary growth hormone was the same in prepubertal and pubertal children (13.2 (8.9) and 10.8 (9.6) ng/g creatinine respectively).
By arbitrarily considering as abnormal urinary growth hormones below the lower limit of the range in group A (4.7 ng/g creatinine) ( n --------tal) in this group had a value below 4.7 ng/g creatinine. For group C, sensitivity was 78% (11/11 + 3): three subjects (two prepubertal and the pubertal subject) had a value above the threshold. If we considered only the patients with pathological magnetic resonance findings, specificity and sensitivity were 100%, that is all the patients with multiple hormone deficiencies had an abnormal urinary growth hormone value. Finally, if we considered that four subjects (three prepubertal and one pubertal) of group A were affected by neurosecretory dysfunction (mean growth hormone concentration S 3.3 ,ug/l) (fig 1) , specificity decreased from 100% to 80% (16/16 + 4). The 'day to day' coefficient of variation of urinary growth hormone (138.4 (96.4)) was significantly higher (p < 0.0001) than that found both in the growth hormone responses after the pharmacological tests (51.5 ( 49.1)) and in the two sleep tests (30.4 (32.9) ).
Discussion
We have shown that urinary growth hormone assay identifies only 35% of children diagnosed as growth hormone deficient by traditional tests (two pharmacological tests). These data not only confirm the overlap between the growth hormone deficient and the nondeficient subjects,9 but clearly underline that a diagnostic approach based on urinary growth hormone evaluation cannot distinguish (sensitivity 5%) between those with mild deficiency (group B) and those without deficiency (group A) (fig 1) . Urinary growth hormone in children with the most severe deficiency (group C) (fig  1) , produces better results (sensitivity 78%) but complete reliability (sensitivity and specificity of 100%) was reached only in those with severe deficiency due to anatomical abnormalities of the hypothalamic-pituitary area.
Despite the fact that growth hormone secretion increases at puberty differently in boys from girls,"' as also recently described for urinary growth hormone in normal children,"2 we adopted the same urinary growth hormone concentration for all patients for the following reasons: a common threshold is normally used when evaluating serum growth hormone concentrations during pharmacological and physiological tests; our pubertal children had values no higher than those who were prepubertal; and the relatively small number in our study sample did not allow further subdivision of patients. On the other hand, as with serum growth hormone,4 we found pubertal subjects both above and below the pathological threshold.
The diagnostic use of urinary growth hormone assay was initially suggested by reports of correlation between serum and urinary growth hormone,7 10 14 found both for spontaneous secretion and for the response to pharmacological tests. Moreover, Winer et al, '5 Weissberger et al," and Girard et al" described in both normal and pathological subjects discrepancies between serum and urinary growth hormone. We believe our results confirm the initial studies, as we found a positive correlation between serum and urinary growth hormone concentrations in the whole group of subjects. Furthermore, the low urinary growth hormone concentrations found in our patients with severe pituitary deficiency confirm that the amount of growth hormone excreted in urine has a direct relationship to the amount of hormone secreted by the pituitary. However, the overlap of urinary growth hormone values between growth hormone deficient and non-growth hormone deficient subjects that we found (fig 1) confirms9 the possibility that even minimal variations of the processes affecting growth hormone clearance (calculated between 0.003% and 0.025%18) may invalidate urinary growth hormone evaluation as a marker of pituitary secretion. Despite the fact that pharmacological test responses do not necessarily reflect spontaneous secretion in any individual,'9 20 our groups of patients classified on the basis of pharmacological test response (A,B, and C) showed significantly different mean growth hormone concentrations. Although several investigations and also our study have described the correlation between serum and urinary assay,7 1014 urinary growth hormone evaluation found no difference between children in groups A and B. A deficient mean growth hormone concentration ( < 3.3 gg/l) evaluated by serum assay justified growth hormone treatment of four subjects belonging to group A, as they were classified as having 'neurosecretory dysfunction'.20 However, that possibility was excluded by our urinary growth hormone assay.
The clinical usefulness of traditional diagnostic procedures is particularly affected by their limited reproducibility, possibly due to the fluctuating growth hormone secretion over time and the high variability of growth hormone responses to repeated tests.2" In this study, diagnostic discordances between serum and urinary assay may be partly explained by the variations of pituitary secretion that occurred in the period between the application of the various protocols. However, variability of 'day to day' excretion seems the only dimension predominantly influencing the validity of urinary growth hormone assay, as the coefficient of variation in our study was significantly higher than the already high value found in serum assays.
Despite this poor diagnostic value, urinary growth hormone assay might reasonably be used in qualitative investigations carried out on a wide number of subjects because of its low cost compared with the traditional assays and to the simple method of sampling collection. lower urinary growth hormone concentrations than those of the normal population in patients with Turner's syndrome.
We conclude that urinary growth hormone assay is characterised by a sensitivity too low to be considered as improving on the traditional diagnostic approaches to define growth hormone deficiency, except when used to identify patients with the most severe deficiencies.
